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ABSTRACT 
Title of Thesis: The Construction and General Properties of 
a Brush Cathode Discharge 
Joseph Peter Bingham, Master of Science, 1968 
Thesis directed by: R. T. Bettinger, Assistant Professor of Physics 
The use of a brush cathode in a DC glow discharge allows 
stable operation in the abnormal glow region. 
abnormal glow discharge, the negative glow becomes quite extensive, 
and is useful as a laboratory plasma. 
In a strongly 
A brush cathode DC glow discharge tube, 6" in diameter and 
24" in length, was constructed for the present experiment. The 
tube operated stably in the abnormal glow region and large negative 
glows were produced. 
plasma at pressures less than 400 1-1 and discharge currents less 
than 2 ma yielded electron temperatures and densities of about 
700°K and 108/cc respectively. 
pressures, the Langmuir probe measurements were unreproducible, 
probabiy because condensable vapor impurities formed a surface film 
on the probe. Such a film could cause a change in the probe contact 
potential and thus affect the probe characteristics. 
Langmuir probe studies of the negative glow 
At greater discharge currents and 
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INTRODUCTION 
There exists i n  t h e  l abora to ry  t h e  need f o r  a convenient 
source  of plasma with low e l e c t r o n  temperatures  (1000OK) and 
wi th  d e n s i t y  a d j u s t a b l e  over a wide range.  
reg ion  of t h e  DC glow discharge  i s  such a plasma, bu t  t h e  
d ischarge  must be s t r o n g l y  "abnormalt' i f  t h e  s i z e  of t h e  nega t ive  
glow i s  t o  be  s u f f i c i e n t  f o r  l abora to ry  use.  Abnormal d ischarges  
us ing  d i s c  shaped cathodes are very uns t ab le  and go over t o  an  
arc very  e a s i l y .  With a brush cathode, however, t h e  abnormal 
glow discharge  is  very s t a b l e  so  t h a t  l a r g e  nega t ive  glows can 
be e a s i l y  generated.  
The nega t ive  glow 
I n  t h e  present  experiment,  a s ix  i nch  diameter  brush cathode 
w a s  cons t ruc ted  and used i n  a helium DC glow d i scha rge ,  and t h e  
p r o p e r t i e s  of t h e  l a r g e  nega t ive  glow generated were s tud ied .  
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CHAPTER I 
THE GLOW DISCHARGE 
When a sufficiently high potential is applied between two 
electrodes in a tube whose contents are at atmospheric pressure, 
a thin rapidly moving spark will appear between the two electrodes. 
As the pressure in the tube is reduced, the spark will become more 
diffuse, until, at a pressure of about five torr, the discharge 
will nearly fill the tube, and will demonstrate some striations. 
Such a discharge is called a glow discharge. A s  the pressure is 
further reduced, the striations will expand and separate. Such a 
discharge, at a pressure of about one half torr, is illustrated in 
Fig. 1. Proceeding from the cathode, the striations are known 
as the Aston dark space, the cathode glow, the cathode dark space, 
the negative glow, the Faraday dark space, the positive column, the 
anode dark space, and finally, the anode glow. 
Several methods have evolved for the measurement of electric 
field strength in a discharge. They include probe measurements, 
measurements of Stark effect splitting of spectral lines (BROSE, 
1919), and measurement of the transverse deflection of a fine pencil 
of fast electrons by the field (ASTON, 1911). 
Measurements using these methods have given us the electric 
field and potential distribution in a glow discharge illustrated in 
Fig. 2. It is seen that the electric field decreases approximately 
linearly in the cathode dark space, and that nearly the full potential 
across the tube is present between the cathode and the inner border of 
the negative glow. This potential drop is known as the cathode fall 
o r  cathode drop. Because the  e l e c t r i c  f i e l d  decreases  almost 
l i n e a r l y  i n  t h e  cathode dark  space ,  w e  can w r i t e  
E = C ( D  - X) 
where E i s  t h e  e l e c t r i c  f i e l d  i n t e n s i t y  
C is  a cons tan t  
D i s  t h e  l eng th  of t h e  cathode dark  space 
X i s  t h e  d i s t a n c e  from the  cathode 
Now, from Poisson ' s  equat ion  
- - 4TP dE dX 
- -  
o r  c = 4TP 
where p i s  t h e  space charge dens i ty .  That is, t h e r e  is  a uniform 
p o s i t i v e  ion  space charge d i s t r i b u t i o n  i n  t h e  cathode dark  space. 
Because t h e  cathode dark  space i s  a region of h igh  p o s i t i v e  ion  
concen t r a t ion  and high f i e l d  s t r e n g t h ,  t h e  p o s i t i v e  ions  are 
a c c e l e r a t e d  towards t h e  cathode and cons t an t ly  bombard i t  whi le  t h e  
e l e c t r o n s  emi t ted  from t h e  cathode a re  a c c e l e r a t e d  towards t h e  nega t ive  
glow. 
B r e w e r  and Westhaver (1937) found a d e f i n i t e  c o r r e l a t i o n  between 
t h e  l eng th  of t h e  nega t ive  glow and the range of e l e c t r o n s  t h a t  have 
been a c c e l e r a t e d  by a p o t e n t i a l  d i f f e r e n c e  equal  t o  t h e  cathode f a l l  
(see Fig .  3). The impl i ca t ion  of t h e i r  experiment i s  t h a t  t h e  nega t ive  
glow is  a r eg ion  of plasma which is  generated by a h igh  speed beam of 
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electrons emerging from the cathode dark space. 
After giving up most of their energy in the negative glow, the 
electrons enter the Faraday dark space at very low speeds. 
then accelerated into the positive column where they again possess 
energy sufficient to ionize the gas, 
They are 
The anode glow and dark space are believed to be manifestations 
of a space charge accumulation at the anode (LOEB, 1939).  Also, it 
has been shown (DARROW, 1932) that the cathode glow is caused by 
collisions between neutral gas molecules and the high speed ions 
accelerated across the cathode fall. 
Variables which can be changed to alter the characteristics 
of the discharge are the pressure, the gas, the interelectrode 
spacing, the potential and current, and the design of the cathode. 
If the pressure is reduced, the cathode dark space, negative glow, 
and Faraday dark space expand while the positive column, anode glow, 
and anode dark space first shrink and then disappear. Upon further 
reduction of the pressure, the Faraday dark space disappears, and 
when pressures on the order of a few microns are reached, the 
negative glow disappears and the cathode dark space fills the tube. 
At this point, the discharge is said to be obstructed, and the potential 
required to maintain it rises rapidly. 
If the gas in the tube is changed, the spectral appearances and 
the lengths of the various regions of the discharge will change. This 
is to be expected, because the difference in ionization potentials of 
different gases would necessitate differences in the electron 
accelerating regions of the discharge. 
If the interelectrode distances are changed, it will be observed 
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t h a t  t h e  Aston dark  space ,  t he  cathode glow, t h e  cathode dark  space,  
t h e  nega t ive  glow, and t h e  Faraday dark  space w i l l  move as i f  they  are 
a t t ached  t o  t h e  cathode. Thus, i f  t h e  cathode is  moved towards t h e  
anode, t h e  p o s i t i v e  column w i l l  diminish i n  l eng th  and even tua l ly  
d isappear  while  a l l  of t h e  aforementioned "cathode regions" w i l l  remain 
e s s e n t i a l l y  unchanged. Af te r  t he  p o s i t i v e  column has disappeared,  as 
t h e  cathode and anode approach one another  more c l o s e l y ,  f i r s t  t h e  
Faraday dark  space and then  t h e  nega t ive  glow w i l l  be d isp laced  by t h e  
anode u n t i l  once more t h e  d ischarge  becomes obs t ruc t ed .  
I f  t h e  cu r ren t  l e v e l  through a d ischarge  i s  kept  low enough, i t  
w i l l  be  observed t h a t  only p a r t  of t he  cathode w i l l  be  covered wi th  
cathode glow. Thus, only p a r t  o f  the cathode w i l l  be p a r t i c i p a t i n g  
i n  t h e  d ischarge .  Such a d ischarge  is  c a l l e d  a normal d ischarge .  A s  
t h e  vo l t age  is  slowly increased  across a normal d ischarge ,  t h e  c u r r e n t  
w i l l  r a p i d l y  rise u n t i l  t h e  cathode is  t o t a l l y  covered wi th  glow. I f  
t h e  v o l t a g e  f s a g a i n i n c r e a s e d ,  t h e  cu r ren t  w i l l  rise more s lowly,  and 
t h e  d ischarge  i s  then  s a i d  t o  be abnormal. I n  t h i s  opera t ing  range,  a 
p o t e n t i a l  i n c r e a s e  causes  a decrease i n  t h e  l eng th  of t he  cathode dark  
space and an inc rease  i n  t h e  l eng th  of t h e  nega t ive  glow. I f  t h e  poten- 
t i a l  i s  increased  too  much, increased i o n i c  bombardment causes  
apprec i ab le  cathode hea t ing ,  and, consequent ly ,  increased  thermionic  
and secondary e l e c t r o n  emission.  The p o t e n t i a l  ac ross  t h e  d ischarge  
w i l l  then  decrease  r a p i d l y  while  cu r ren t  w i l l  i n c r e a s e  r a p i d l y .  The 
d ischarge  is  then  c a l l e d  an are. The volt-ampere c h a r a c t e r i s t i c  of a 
t y p i c a l  glow and arc d ischarge  is  given i n  Fig.  4 .  
Because t h e  cathode i s  t h e  e l e c t r o n  e m i t t i n g  element of t h e  
d ischarge  tube ,  t h e  p o t e n t i a l  necessary t o  main ta in  a given d ischarge  
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c u r r e n t  w i l l  be  a func t ion  of t h e  ease with which i t  emits e l e c t r o n s .  
A l s o ,  because t h e  cathode is  subjec t  to continuous p o s i t i v e  ion  
bombardment, i t  w i l l  be  eroded,  and cathode material w i l l  be depos i ted  
on t h e  tube w a l l s .  This  phenomenon is known as s p u t t e r i n g .  
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CHAPTER 11 
THE NEGATIVE GLOW AND THE BRUSH CATHODE 
The nega t ive  glow i s  a plasma generated by a h igh  speed 
e l e c t r o n  beam. I n  the  normal glow, the  nega t ive  glow i s  not  long 
enough t o  be u s e f u l  as a l abora to ry  p l a s m a .  However, i n  a s t r o n g l y  
abnormal glow, i t  is  p o s s i b l e  t o  have a c c e l e r a t i n g  p o t e n t i a l s  
a c r o s s  t h e  cathode dark  space capable of genera t ing  e l e c t r o n  beams 
of g r e a t  pene t r a t ing  power. 
Because i o n  bombardment of t h e  cathode causes  an  abnormal 
glow wi th  a d i s c  cathode t o  degenerate i n t o  an a r c  very  e a s i l y ,  a 
brush shaped e l e c t r o d e  is  used.  The brush  cathode c o n s i s t s  of a 
r e c t a n g u l a r  a r r a y  of pointed tungsten needles  mounted onto  a 
s t a i n l e s s  steel  base  p l a t e .  Secondary and thermionic  emission i s  
minimized, because e l e c t r o n  emission occurs  a t  t h e  needle  p o i n t s ,  
whi le  t h e  ions  pass  by t h e  needles  and s t r i k e  t h e  base  p l a t e .  High 
beam c u r r e n t  l e v e l s  can be maintained e a s i l y  because h igh  electric 
f i e l d  i n t e n s i t i e s  are p resen t  at t h e  sha rp  needle  p o i n t s .  
Helium w a s  used i n  t h e  p re sen t  experiment because e l e c t r o n s  
p e n e t r a t e  through i t  e a s i l y  (Fig.  3) and because helium has a low 
s p u t t e r i n g  y i e l d  on most metals. 
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CHAPTER 111 
THE EXPERIMENTAL APPARATUS 
The brush cathode used is shown in Fig. 5. It consists of 
about 4,000 parallel .030" diameter tungsten wires, each 1%'' 
long and ground to a sharp point. The needles are silver 
soldered into a rectangular matrix of holes drilled into a 
stainless steel base, 6" in diameter and 1/8" thick. Tungsten 
and stainless steel were chosen because of their refractory 
properties and their low sputtering yield with helium. 
An assembly drawing of the complete discharge tube is given 
in Fig. 6 .  
circular depression in the 4" aluminum base plate. 
is sealed to the Pyrex envelope with Viton "0" rings. 
envelope is 24" in length. 
sides of the needles, the 'crush base, and the alminum base plate, 
a Pyrex shield is fitted around the needles, and the space between 
the shield and the glass envelope is stuffed with glass wool. 
Because the greatest amount of heat dissipation in the discharge 
occurs at the cathode, it is necessary to provide some means for 
cathode cooling. The original design of the tube called for water 
cooling of the brush assembly, but it proved to be difficult to make 
the brush base leak tight. Therefore, air cooling was finally 
adopted and has proved to be entirely adequate. 
The anode is made of stainless steel and is fitted with inlet 
tubes t o  provide lines to the vacuum pump, vacuum gauge, helium supply, 
and air. Also provided at the anode is an access hole through which 
Note that the brush assembly fits into a matching 
The base plate 
The Pyrex 
In order to prevent emission from the 
9 
probes can be i n s e r t e d .  
The e n t i r e  tube  assembly i s  mounted i n  a wood and P l e x i g l a s  
implosion s h i e l d .  
i s  shown i n  Fig.  7 .  
A photograph of the  assembly mounted on a bench 
The power supply used i s  a n  N J E  Model H5-200 which i s  capable  
of d e l i v e r i n g  up t o  5 kv a t  250 m a .  Nine extra 5 mf c a p a c i t o r s  are 
p a r a l l e l e d  onto t h e  output f o r  e x t r a  smoothing. This  w a s  
necessary  because t h e  peak t o  peak r i p p l e  on t h e  output  i s  about 
10% of t h e  DC l e v e l .  I n  o rde r  t o  e l i m i n a t e  any i n s t a b i l i t i e s  i n  
d i scha rge  ope ra t ion  due t o  nega t ive  r e s i s t a n c e  c h a r a c t e r i s t i c s ,  a 
10,000 ohm s t a b i l i z i n g  r e s i s t o r  i s  used i n  series wi th  t h e  supply.  
A Welch Duo-Seal #1402B one-half hp vacuum pump is  used, and 
vacua between 1 and 2 microns are a t t a i n a b l e  i n  t h e  tube .  A s  i n  
most vacuum dev ices ,  l e a k s  were a s o u r c e  of d i f f i c u l t y  i n  t h e  e a r l y  
s t a g e s  of exper imenta t ion ,  but they were e l imina ted  a f t e r  some 
d e t e c t i v e  work, One p a r t i c u l a r l y  evas ive  source  of l e a k s  w a s  t h e  
rubber hose used f o r  i n t e rconnec t ion  of t h e  components. Seve ra l  
s a m p l e s  of hose were t r i e d ,  bu t  a l l  permi t ted  very  slow seepage of 
a i r  i n t o  t h e  system, t h e  seepage r a t e  being p r o p o r t i o n a l  t o  t h e  hose 
l eng th .  This seepage problem was a l l e v i a t e d  by us ing  copper f o r  a l l  
long in t e rconnec t ing  l i nes  and using t h e  rubber hose f o r  s h o r t  
coupl ings  only .  
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CHAPTER I V  
OPERATION OF THE BRUSH CATHODE DISCHARGE 
The v o l t  ampere c h a r a c t e r i s t i c s  of  the  tube are g iven  i n  
Figs .  8 through 15 f o r  pressures  between 100 and 1200 u .  The 
fol lowing d e s c r i p t i o n  of t he  discharge r e f e r s  t o  t h e  observa t ion  
done a t  1200 p. 
Breakdown occurs  a t  about 400 v. Between 4 and 10 m a ,  
t h e  d ischarge  appears  as i n  F ig .  16.  The cathode glow forms a 
t h i n  l a y e r  over  t h e  brush p o i n t s ,  and extends i n t o  t h e  brush i t s e l f ,  
so  t h a t  t h e  wires appear surrounded wi th  a p ink  glow. Above t h e  
cathode glow w e  f i n d  t h e  cathode dark space which, i n  t u r n ,  i s  
separa ted  from t h e  nega t ive  glow by a sha rp  border .  
g ives  way t o  t h e  Faraday dark  space and then  t h e  p o s i t i v e  column. A s  
t h e  c u r r e n t  i s  inc reased ,  t h e  cathode dark  space c o n t r a c t s  s l i g h t l y ,  
t h e  nega t ive  glow expands, and t h e  p o s i t i v e  column s h r i n k s ,  as i n  Fig.  
17. When t h e  c u r r e n t  i s  increased  s u f f i c i e n t l y ,  t h e  nega t ive  glow 
extends a l l  t h e  way t o  the  anode and is very uniform i n  appearance.  
This  po in t  is  shown on t h e  v o l t  ampere c h a r a c t e r i s t i c s  of t h e  d ischarge .  
The nega t ive  glow 
A t  lower p r e s s u r e s ,  t he  negat ive glow reaches t h e  anode a t  
success ive ly  lower c u r r e n t s ,  s o  t h a t ,  a t  100 and 200 p, t h e  nega t ive  
glow reaches the  anode over t h e  whole ope ra t ing  range. 
S imi l a r  d e s c r i p t i o n s  apply t o  Figs .  8 through 1 4 ,  except  t h a t  i n  
F igs .  8 and 9 ,  t h e  nega t ive  glow reaches t h e  anode over t h e  whole 
ope ra t ing  range. 
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CHAPTER V 
LANGMUIR PROBE STUDIES 
Since the nineteenth century, the sounding electrode, or probe, 
has been used as a tool for studying the properties of the gaseous 
discharge. Hittorf (1883), Skinner (1899),  and other early 
researchers tried to determine the potential distribution in the 
discharge by measuring the potential acquired by insulated probes 
situated along the length of the discharge. They understood that the 
presence within the discharge of oppositely charged particles of 
different masses and velocities could cause the probe and plasma 
potentials to differ. For example, a probe immersed in a neutral 
sea of high speed electrons and low speed positive ions would assume 
a potential sufficiently negative to enable the ions and electrons to 
strike it in equal numbers. Unfortunately, the work of the early 
researchers suffered great limitations because they did not know how 
to determine the magnitude of the difference between the probe and 
plasma potentials. 
It remained for Langmuir (1923 and 1924) to develop the theory 
of the probe so that reasonable estimates of densities, temperatures, 
and potentials could be obtained through its use. Langmuir considered 
the probe to anode volt-ampere characteristics. In the present 
experiment, the probe was used to measure electron temperature and 
density 
To understand how the volt-ampere characteristics of the probe 
can lead us to a knowledge of electron temperature and density, let us 
consider a strongly negative probe immersed in a plasma of positive ions 
1 2  l 
and e l e c t r o n s  wi th  a Maxwellian energy d i s t r i b u t i o n .  Under t h i s  
cond i t ion ,  t h e  probe w i l l  a tract  the ions  and repe l  t h e  e l e c t r o n s .  
Now if t h e  probe i s  made more p o s i t i v e ,  a po in t  w i l l  be reached a t  
which t h e  k i n e t i c  energy of some e l ec t rons  w i l l  be s u f f i c i e n t  t o  
enable  them t o  reach t h e  probe. 
t h e  t y p i c a l  probe curve i n  Fig. 18, A s  t h e  probe i s  made more 
p o s i t i v e ,  more and more e l e c t r o n s  w i l l  reach t h e  s u r f a c e ,  u n t i l ,  
when t h e  p o t e n t i a l  of t h e  probe reaches that  of t h e  surrounding 
space,  t h e  probe receives a l l  of t h e  i o n s  and e l e c t r o n s  which would 
pass  through a correpsonding area outs ide  of t h e  probe v i c i n i t y .  
This  is  po in t  B i n  Fig.  18, Above the space p o t e n t i a l ,  as t h e  probe 
i s  made more p o s i t i v e ,  a nega t ive  space charge shea th  i s  formed 
around the  probe and t h e  cu r ren t  r i s e s  only slowly. 
This reg ion  starts a t  p o i n t  A on 
E lec t ron  energy d i s t r i b u t i o n s  o ther  than  Maxwellian w i l l  r e s u l t  
i n  d i f f e r e n t  probe curves .  I f ,  f o r  example, a high energy beam of 
e l e c t r o n s  i s  p resen t ,  t h e  e l e c t r o n s  w i l l  reach t h e  probe once i t s  
p o t e n t i a l  i s  i n s u f f i c i e n t  co r e p e l  them.  The probe curve w i l l  then  
e x h i b i t  a sharp  cu r ren t  r ise w i t h i n  a very  s m a l l  vo l t age  range.  
It should be noted t h a t  i f  no e l ec t rons  were p r e s e n t ,  t h e  curve 
would fo l low t h e  ex t r apo la t ed  l i n e  AC. 
t h e r e f o r e ,  i s  given by t h i s  l i n e .  T h i s  i o n  component i s  sub t r ac t ed  
from t h e  t o t a l  cu r ren t  t o  f i n d  t h e  e l e c t r o n  con t r ibu t ion .  
The ion  component of t h e  c u r r e n t ,  
Webegin a q u a n t i t a t i v e  a n a l y s i s  of t h e  regfon AB of F ig .  18 by 
assuming t h a t  t h e  e l e c t r o n s  have a Maxwellian energy d i s t r i b u t i o n .  
Boltzmann's r e l a t i o n  then  p r e d i c t s  t h a t  
13 
where 
V i s  t h e  p o t e n t i a l  of the probe re la t ive t o  che plasma 
TE i s  che e l e c t r o n  temperature 
NEP i s  t h e  e l e c t r o n  dens i ty  a t  t h e  probe s u r f a c e  
NED i s  t h e  e l e c t r o n  dens i ty  i n  the  d ischarge  plasma 
k i s  Boltzmann's cons tan t  
e i s  t h e  charge of an e l e c t r o n  
S i m i l a r l y ,  i f  JEP i s  t h e  e l e c t r o n  cu r ren t  d e n s i t y  t o  t h e  probe 
and JED is t h e  random plasma e l ec t ron  c u r r e n t  d e n s i t y ,  then 
'EP = JED e x p [ g )  
-eV and Rn JEP = Rn J  ED kTE 
Thus, i f  t h e  logari thm of J E D  i s  p l o t t e d  vs, V ,  then  TE can be 
e 
found from t h e  s lope  of t h i s  l i n e ,  - kTE 
At po in t  B of F ig .  18, t h i s  l i n e a r  r e l a t i o n  breaks down. Here, 
t h e  probe is  a t  t h e  plasma p o t e n t i a l ,  and t h e  probe r ece ives  a l l  of 
t h e  ions  and e l e c t r o n s  whichwould pass through a corresponding area 
o u t s i d e  t h e  v i c i n i t y  of t h e  probe. From k i n e t i c  theory ,  w e  know t h a t  
NED e UED 
JED = 4 
where JED i s  t h e  random e l e c t r o n  c u r r e n t  d e n s i t y  
UED i s  t h e  average thermal v e l o c i t y  of t h e  e l e c t r o n s  
e is  t h e  e l e c t r o n  charge 
NED is t h e  e l e c t r o n  dens i ty  
b 
At point B, now, 
and UED - 
where me is the electron mass, 
S O  
If TE is known from the slope of the line AB, then NED can be found, 
for 
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CHAPTER VI 
USE OF THE LANGMUIR PROBE WITH THE BRUSH CATHODE DISCHARGE 
The probe design used in this experiment is illustrated in Fig. 
19. The probe is mounted axially in the tube in order to minimize 
any effects of the tube walls on the probe characteristics. Volt- 
ampere characteristics of the probe were obtained by sweeping the 
voltage on the probe very slowly with a motor driven precision 
potentiometer. 
output was fed to one channel of a dual channel chart recorder. 
Voltage was monitored by a digital voltmeter which fed pulses at 
1/10 v sweep increments into the second channel of the chart recorder. 
A block diagram of this data recording system is given in Fig. 20. 
The current was monitored by an electrometer whose 
From the beginning, considerable difficulty was encountered in 
obtaining reproducible probe characteristics. 
(PERSSON, 1965 and KOSTELNICEK, 1965) have encountered similar 
difficulties, and they have attributed them to the formation of a layer 
of impurities on the probe. Because such a layer would give rise to a 
change in the probe contact potential, any variation in the layer would 
cause a variation in the probe characteristics. 
of an oxide film, condensed vacuum oil, or any other foreign substance 
present in the system. The use of a cold trap and diffusion pump in 
the vacuum system would undoubtedly reduce the contaminant level. These 
accessories were unavailable for the present experiment, however, so the 
contaminants remained in the system. 
Other workers 
The layer could consist 
The film of contaminants was removed from the probe and anode 
periodically be reversing the discharge current and by running the probe 
16 
as an  a u x i l i a r y  cathode,  thereby bombarding t h e  probe and anode wi th  
p o s i t i v e  ions .  Unfortunately,  t h i s  c leaning  e f f e c t  d id  not  l a s t  more 
than  about 10 sec a t  d ischarge  cu r ren t s  of about 1 ma, and only about 
1 sec a t  h igher  c u r r e n t s .  Therefore,  i t  w a s  necessary  t o  "clean" 
t h e  probe every 10 sec during a sweep i n  o rde r  t o  o b t a i n  reproducib le  
probe curves even a t  t h e  low cu r ren t  l e v e l s .  
au tomat i ca l ly  by a t iming device  which connected t h e  probe, v i a  a 
10 meg r e s i s t o r ,  t o  t h e  cathode f o r  a du rac t ion  of $ sec a t  i n t e r v a l s  
of 10 sec.  The schematic of t h i s  device is  given i n  F ig .  21. Even 
wi th  t h e  c l e a n e r ,  however, i t  was impossible t o  o b t a i n  reproducib le  
curves  a t  h igh  cu r ren t  l e v e l s .  
The c leaning  w a s  done 
17 
2 ma 400 p 735'K 
2 ma 300 u 760'K 
2 ma 200 p 660°K 
CHAPTER VI1 
1.46 X l o 8  cm-3 
2.74 X lo8 cm-3 
1.89 X l o 8  cm-3 
RESULTS OF THE PROBE STUDIES 
1 ma 
The probe characteristics finally obtained are given in Figs, 
100 1-I 633'K 5.67 X l o 7  cm-3 
22 through 25 for discharge currents and pressures of (1 ma, ~ O O V ) ,  
(2  ma, 200p), ( 2  ma, 3 0 0 ~ ) ,  ( 2  ma, 4 0 0 ~ )  respectively. Character- 
istics for higher currents were unobtainable for the reasons 
outlined in the previous section. The electron temperatures and 
densities calculated from the probe characteristics are tabulated 
below. 
18 
CHAPTER VI11 
CONCLUSION 
The brush cathode discharge tube constructed for the present 
experiment is capable of producing a very stable abnormal glow 
discharge. The negative glow of this discharge is quite uniform, 
and it can be made to extend all the way to the anode. These 
properties make the negative glow useful as a laboratory plasma. 
The probe measurements of the negative glow were made only 
at low pressures and discharge currents. They show that the 
electron temperature is quite low (approximately 700°K) and that 
the electron density is approximately 10 per cc. Higher 
pressures and currents would show higher electron densities. 
Because the probe measurements were hampered by the presence 
8 
of foreign substances within the system which formed contaminating 
layers on the probe and anode surfaces, it is suggested that, in the 
future, a diffusion pump be used to evacuate the system, and a cold 
trap be used between the pump and the tube. These steps should reduce 
the level of contaminants significantly and should, therefore, greatly 
facilitate probe measurements. 
Consideration might also be given to the future use of faster 
sweep frequencies so that probe curves could be determined in seconds. 
Van Berkel (1938) has found the probe characteristics to be dependent 
upon sweep frequency. 
to the fact that the probe is bombarded by ions during the negative 
part of the sweep, 
cleaned by ionic bombardment for shorter period of time than at low 
However, the dependency he noted could be due 
Thus, at high sweep frequencies, the probe will be 
frequencies, while the intervals between cleanings will be longer 
at low frequencies. Therefore, if the system could be made 
sufficiently free of contaminants so that the probe would remain 
clean for a long time, the probe characteristics should be 
independent of sweep frequency. 
19 
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